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【 Introduction】Polyamines (PAs) are organic polycations present in all living organisms. Branched-chain 
polyamines (BCPAs) are found in (hyper)thermophiles (both in archaea and bacteria), suggesting BCPAs are 
important for growth at high temperature. A thermophilic bacterium, Thermus thermophilus, produces a variety of 
BCPAs, such as N4-aminopropylnorspermidine [3(3)3] and N4-bis(aminopropyl)norspermidine [3(3)(3)3]. A novel 
aminopropyltransferase, which is involved in the production of BCPAs, was identified from an archaeal strain 
Thermococcus kodakarensis (Tk-BpsA), and the enzymatic properties were characterized. This study aims to 
elucidate the enzymatic and structural properties of a BCPA synthase of T. thermophilus (Tt-BpsA). 
【Experimental Procedure】Recombinant form of Tt-BpsA fused with N-terminal His6 tag was expressed in 
Escherichia coli BL21-CodonPlus(DE3). Tt-BpsA was purified by heat treatment and Ni-affinity chromatography and 
subjected to enzymatic assay. Each reaction mixture for aminopropyltransferase activity contained an acceptor 
substrate (norspermidine [33], spermidine [34], N4-aminopropylnorspermidine [3(3)3], or N4-aminopropylspermidine 
[3(3)4]), donor substrate decarboxylated S-adenosylmethionine (dcSAM), purified enzyme, and 50 mM 
PIPES-NaOH buffer (pH 7.6). The reaction mixture was analyzed by HPLC. For kinetic studies, initial reaction rates 
were measured with various concentrations of one substrate and a fixed concentration of another substrate. The 
obtained data were fitted to the Lineweaver-Burk plot to obtain Km and kcat values for each substrate. Based on 
catalytic active site structure of Tt-BpsA uncovered through X-ray crystallography, amino acid residues thought to 
be important in enzyme catalysis were mutated by QuikChange site-directed mutagenesis, and their activities were 
measured by HPLC for comparison with the wild-type enzyme. 
【Results and Discussion】The optimal temperature and pH for the catalytic reaction was found to be at 80C and 
11.0, respectively. Tt-BpsA catalyzed the aminopropyltransferase reaction from dcSAM to each acceptor substrate, 
indicating that Tt-BpsA has a wide range of substrate specificity. Tt-BpsA exhibited the lowest substrate affinity for 
norspermidine [33] (Km = 2.2 × 102 μM) as compared to spermidine [34] (Km = 44 μM). Among all substrates tested, 
Tt-BpsA displayed highest specificity and catalytic efficiency towards N4-aminopropylnorspermidine [3(3)3] (Km = 11 
μM, kcat/Km = 4.4 × 102 M-1 s-1). Next, the analysis of the reaction mechanism of Tt-BpsA showed that the parallelism 
of straight lines along with Lineweaver-Burk double-reciprocal plots was consistent with a ping-pong mechanism of 
the reaction. Mutational and structural studies of Tt-BpsA revealed the roles for each of the following Asp residues: 
Asp133 for tertiary amine substrate binding, Asp165 for stabilization of catalytic loop, and Asp166 and Asp167 are 
thought to be as catalytic residues. Asp166Ala and Asp167Ala mutations resulted in significant reduction of activity, 
while Asp133Ala mutation led to loss of activity toward tertiary amine substrate. Asp165Ala mutant displayed a 
critically lowered activity, indicating that maintenance of the active center’s structural stability is substantial for 
catalytic activity. Taken together, these results have shed light on to the aminopropyl transfer reaction of a BCPA 
from T. thermophilus. 
